Anaplasmosis is endemic in cattle in several areas of the USA, including eastern and central Oklahoma. This rickettsia-induced hemolytic disease caused by Anaplasma marginale commonly occurs during warm months when arthropod vectors, both biological (ticks) and mechanical (biting flies), are abundant. Mechanical transmission by blood-contaminated fomites can occur any time of the year when infected reservoir hosts are present.
In January 1995, clinical anaplasmosis was confirmed in a group of 117 cattle in a pasture (unit A) of a larger herd in western Oklahoma (Harper County). A cluster of 5 animals had signs of severe disease within a 2-week period. Each of the affected cattle was treated and recovered. The outbreak was surprising because January is not the usual season for vector activity in Oklahoma and neither clinical anaplasmosis nor seropositivity to the complement fixation (CF) test occur with frequency in cattle from western Oklahoma, even during vector season. The problem was investigated further because of the unusual occurrence of the outbreak and especially because the cattle were infested with the winter tick, Dermacentor albipictus. The role of D. albipictus in transmission of anaplasmosis has not been well documented, especially in Oklahoma.
An on-site investigation was conducted on February 1, 1995, 12 days after the first cow was observed to be ill. The herd was observed generally, and several animals were examined carefully. Clotted and unclotted blood samples were collected from 9 cows: 8 randomly selected and 1 known to have had anaplasmosis. Winter ticks (partially engorged nymphs and adults) were collected from all 9 animals. Extensive inquiry into management eventually revealed that the owner had used a nondisinfected saw to dehorn an unspecified number of animals on December 10, 1994, approximately 35 days prior to the onset of clinical anaplasmosis. Thus, the outbreak appears to have resulted from the owner's dehorning procedure. The tight cluster of cases of disease that occurred soon after surgery suggests exposure to a common source of infection, most likely a reasonably highly parasitemic carrier.
Six of the 9 cattle from which blood samples were collected were seronegative by the CF test for A. marginale, 1 was a suspect (< 1:5), and 2 were reactors ( Table 1) . Reactors included the 1 cow known to have been clinically affected.
Randomly selected ticks collected from the 9 cows were split in half with a sharp razor blade; salivary gland from one half of each tick was prepared for testing by an Anaplasma-specific digoxigenin-labeled DNA probe, 6, 7 and the other portion was prepared for light and electron microscopy. Twenty-three of 45 ticks (5 1%) were DNA probe positive. Furthermore, colonies of organisms with morphology typical of A. marginale were observed by light and electron microscopy in tick gut and salivary gland.
Other ticks that were held in a humidity chamber for 5 days were placed on a splenectomized calf that tested negative for anaplasmosis by CF test. All nymphs and several adults died without reattaching; however, 23 male and 12 female ticks resumed feeding, and some females fed to repletion. The calf developed anaplasmosis with a prepatent period of 35 days, peak parasitemia of 56.4%, and a reduction in packed cell volume (PCV) of 74%. Death due to acute anaplasmosis occurred when the PCV was 9.
Arrangements were made to test the herd (unit A) by CF test, and samples were collected from 112 animals that remained on the premises on April 1, 1995. Among 103 females, 5 were reactors and 28 were suspects, and among 9 bulls, 1 was a reactor and 1 was a suspect (Table 1 ).
In May, cattle from a second, smaller unit of the herd (A,) belonging to the same owner were tested, as were cattle from 2 neighboring herds (B and C) of different ownership. Among 26 animals from unit A,, all of which were heifers derived from the index herd the previous year, there were no reactors but 5 heifers were suspects ( Table 1) . All suspects and all reactors identified by the CF test for anaplasmosis were culled from units A and A 1 . Among the 35 and 18 animals from neighboring operations (herds B and C) tested, all were CF negative ( Table 2) . Likewise, 72 cattle tested from herd B in December 1995 were all negative ( Table 2) .
In December 1995, additional CF testing was done in the index herd (unit A) and on 85 cattle from a third group of herd A (unit A 2 ). Among 68 animals from unit A that were originally seronegative, 20% had titers interpreted as suspicious (Table 1) . Among 85 cattle in unit A, that had not been tested previously, there were 7 suspects but no reactors (Table  1) .
In April 1996, 140 cows and 9 bulls of unit A were tested; there were 6 suspects and 3 reactors, all female (Table 1) . A few of the 140 animals had been introduced from neighboring herd B, which had tested negative in May.
The basis for the seroconversions in unit A is not clear. They could have resulted from variation in the sensitivity/ specificity of the CF test. The CF test is reliable for diagnosis of acute anaplasmosis but may fail to identify infection in calves and carrier cattle. 6, 8 Seroconversion could have occurred in animals whose infection and parasitemia had increased at the second/third/fourth samplings; parasitemia and antibody titers fluctuate markedly in carrier cattle. 4 ' 8 Likewise, seroconversion could have resulted from recent Although anaplasmosis is known to have spread westward in Oklahoma, these cattle are in a semiarid geographic region that has been considered generally free of the disease. 13, 16 A retrospective study of Seroprevalence of anaplasmosis in Oklahoma cattle, based upon samples submitted to the Oklahoma Animal Disease Diagnostic Laboratory from 1977 to 1991, revealed no evidence of the disease in Harper County or in any county with a common border. 13 We are unable to account for introduction of A. marginale into this herd, which was established in 1968 by purchase of cattle from New Mexico. All subsequent females of the herd were conceived and raised on the premises; bulls were purchased from anaplasmosis nonendemic areas of Oklahoma and Kansas. There are at least 4 possible sources, but the evidence does not favors any 1 of them.
Dermacentor albipictus can be infected with A. marginale and can transmit infection to susceptible cattle. 2, 5, 14, 15 Moreover, epidemiologic evidence is strong that D. albipictus may be involved in winter outbreaks of anaplasmosis in the Edwards Plateau region of Texas. 1 Although D. albipictus is a 1-host tick under natural conditions and is thought incapable of hereditary transmission of A. marginale, 3 this investigation and other experimental work indicate that ticks interrupted in feeding will reattach to a host and can transmit the parasite. 15 Male ticks of D. andersoni and D. variabilis have been shown to be persistently infected with A. marginale and able to transmit repeatedly to susceptible cattle while retaining high infection rates in their tissues. 10, 11 Thus, the potential for the winter tick to be an effective vector in transmission of A. marginale is clear.
The exact role, if any, of ticks in creating a high rate of infection (judged by CF) in this herd is not clear. The fact that neighboring herds appeared to be free of infection suggests that introduction of A. marginale into this generally anaplasmosis-free geographic area occurred in this specific herd. Introduction probably occurred long enough ago that transfer of infection to many animals was possible. The extent of mechanical transmission by fomite after the December 1994 incident is unknown, but it is highly probable that following introduction of A. marginale, D. albipictus had a significant role in transferring infection within the herd.
Free-roaming mule deer (Odocoileus hemionus hemionus)
are present along a streambed that runs through the property, and D. albipictus is reported to feed on these hosts. The role of deer as reservoir hosts for A. marginale is disputed, but (other than the black-tailed deer, O. hemionus columbianus) they are generally considered unimportant sources of infection. 12 
American bison have been experimentally infected with
A. marginale, and wild herds have been reported to be seropositive by the rapid card agglutination and CF tests. 17, 18 There are a few "domestic" bison on the premises where the outbreak occurred, but there was no opportunity to test them for anaplasmosis. 3 . Bulls have been brought into the herd occasionally since it was founded in 1968, but according to the owner not more recently than 7 years before the outbreak. Moreover, This outbreak of anaplasmosis in a geographic region where cattle are generally considered safe from this disease underscores the need for constant vigilance on the part of cattle owners and their veterinarians. The question of origin of reservoir host(s) in this instance is frustrating and cannot be settled from these observations; the considerable circumstantial evidence suggesting that D. albipictus may have been involved as an invertebrate reservoir or vector points to the need for surveys to determine the distribution of the winter tick and for additional research to establish more firmly its role as a vector of A. marginale. The cluster of clinically affected cattle in midwinter, presumably related to iatrogenic transfer of blood, serves as a reminder that the standards of good husbandry practices must be constantly reiterated. Control strategies for anaplasmosis may be needed in winter as well as in summer, especially in some geographic areas where D. albipictus is present. and Ms. Dana Dirato for conducting anaplasmosis CF testing, and Ms. Judy Gibson and Ms. Diana Moffeit for manuscript preparation.
